Dynamic Stability Investigation of Two Right Circular Cylinders in Axial Free Flight at Mach Numbers from 0.4 to 1.7  Fineness-ratio-2.56 Cylinder and Fineness-ratio-4.0 Cylinder with Flared Afterbody by Mc Fall, J. C., Jr.
RESEARCH MEMORANDUM 
DYNAMIC STABILITY  INVESTIGATION O F  TWO RIGHT  ClRCULAR 
CYLINDERS IN AXLAL FREE FLIGHT AT * '  
MACH NUMBERS FROM 0.4 TO 1.7 
FINENESS-RATIO  -2.56  CYLINDER AND FINENESS-RATIO-4 .O 
CYLINDER  WITH  FLARED  AFTERBODY 
By John C.  McFall ,  Jr. 
Langley Aeronautical Laboratory ~~~~~~~ CQPf 
Langley Field, Va. 
. ." 
https://ntrs.nasa.gov/search.jsp?R=19660024023 2020-03-24T02:15:45+00:00Z
3 1176  00510  0723 1 I, ' 1- 
, .. 
NACA RM ~ 5 6 ~ 2 8  r 
NATIONAL  ADVISORY  COMMITTEE  FOR  AERONAUTICS 
RESEARCH MEMORANDUM 
DYNAMIC STABILITY  INVESTIGATION OF TWO RIGHT  CIRCULAR % 
C Y L I N D E R S   I N   A X I A L   F R E E   F L I G H T   A T  
MACH NUMBEES FROM 0.4 TO 1.7 ih 
kl 
R 
FINENESS-RATIO-2.56  CYLINDER AND FINENESS-RATIO-4 .0  
CYLINDER WITH FLARED  AFTERBODY * 
A 
By John C . McFall, Jr . 
%- 
SUMMARY -. 
Two r igh t  c i r cu la r  cy l inde r s  have been t e s t e d  i n  a x i a l  f r e e  f l i g h t  
over a Mach number range of 0.4 t o  1.7 and a Reynolds number range of 
1 x 10 6 t o  8 x 10 by using the rocket-boosted-model technique. When 
given a large dis turbance a t  supersonic  speeds,  both the f ineness-rat io-  
2.56 cyl inder  and the f ineness-rat io-4.0 cyl inder  w i t h  f l a r ed  a f t e rbody  
damped from a large-amplitude coupled motion a t  supersonic speeds t o  a 
low-amplitude sustained oscillation a t  low subsonic  speeds. The var ia -  
t i o n  of moment coe f f i c i en t  w i t h  fo rce  coef f ic ien t  was nonl inear ,  the 
region of most s table  s lope occurr ing a t  the  zero  force  coef f ic ien t .  
For both cylinders the average center of pressure over the force- 
coefficient range of kO.5 moved rearward with decrease in speed t o  sub- 
sonic Mach numbers. Although la rge  p i tch ing  and yawing motions were 
observed, there were no large deviations from a b a l l i s t i c  t r a j e c t o r y .  
Comparison of the  drag  da ta  of t h i s   t e s t   w i t h   t h e   d r a g  data from the 
wind-tunnel and f r e e - f l i g h t  helium-gun tests ind ica tes  that  t h e  f r i c t i o n  
drag i s  a very small pa r t  of t h e  t o t a l  d r a g .  The presence of t he  after-  
body f l a r e  on the fineness-ratio-4.0 cylinder causes an increase of about 
20 percent of the  to ta l  d rag  over  the  drag  of a cylinder with no f l a r e  
a t  low supersonic speeds. 
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INTRODUCTION 
The unusual requirements of very low l i f t  and very high drag for 
aerodynamic shapes have become of gene ra l  i n t e re s t  i n  t he  des ign  of 
pda 
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various  stores.  (See  refs. 1 and 2.) One  configuration  which  meets  these 
unusual  requirements is a right  circular  cylinder in axial  flow. An 
investigation  is  being  conducted  by  the  Langley  Pilotless  Aircraft  Research 
Division  with  the  rocket-boosted  free-flight-model  technique to det rmine 
the  dynahic  stability  of  right  circular  cylinders  in  axial  free  flight. 
This  paper  presents  the  results  from  flight  tests  of a right  circular 
cylinder  having a fineness  ratio  of 2.56 and a right  circular  cylinder 
with a flared  afterbody  and  having a fineness  ratio  of 4.0. These  tests 
covered a Mach  number  range  from 0.4 to 1.7 and a Reynolds  number  range 
from 1 x ‘10 6 to 8 X 10 6 based  on  the  cylinder  diameter.  The  free.-f  light 
tests  wefe  conducted  at  the  Langley  Pilotless  Aircraft  Research  Station 
at  Wallops  Island,  Va. 
xn, 2 
xt,2 
4. SYMBOLS 
‘normal  accelerometer  reading  from  accelerometer  in  forward  end 
, of  cylinder, g units 
normal  accelerometer  reading  from  accelerometer  in  rear  end  of 
cylinder, g units 
transverse  accelerometer  reading  from  accelerometer  in  forward 
end  of  cylinder, g units 
transverse  accelerometer  reading  from  accelerometer  in  rear  end 
of cylinder, g units 
distance  along  cylinder  from  nose, ft 
displacement of an,i  accelerometer  from  center  of  gravity, 
positive  forward,  ft 
displacement of an,2  accelerometer  from  center  of  gravity, 
positive  forward,  ft 
displacement  of a,t,l accelerometer  from  center  of  gravity, 
positive  forward,  ft 
pitching  acceleration, an,2 - an,l 
n,2 - xn,l gx 
, radians/sec2 
normal  acceleration,  ”n,lxn, 2 - an,2xn,1 , g units 
X - x  n,2  n,l 
yawing acceleration, g - at,1, radians/sec2 
%,2 - xt,l 
transverse  acceleration, “t,lxt,2 - “t,2xt,l 
%,2 - xt,l , g units 
longitudinal  accelerometer  reading,  units 
normal-force coefficient, - W 
SIq 
lateral-force  coefficient, W 
drsg  coefficient  based cn crcss-sectional  area 
longitudinal-force  coefficient, W s/g 
pitching-moment  ccefficient, - $4) 
qSd 
center  cf  gravity 
diameter of cylinder,  ft 
acceleration  due  to  gravity,  ft/secc 
r\ 
I ~ , I ~ , I ~  moments of inertia, slug-ftz 
2 length  ofcylinder, ft 
M Mach  number 
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q  dynamic pressure ,   lb / sq  f t  
R Reynolds number based on cylinder  diameter 
S cross-sect ional  area of cyl inder ,   sq ft 
W weight  of cylinder, l b  
5 angle of a t tack,   radians 
9 angle of p i tch ,   rad ians  
@ angle  of roll, radians 
4f angle  of yaw, radians 
A dot above a symbol ind ica tes  time rate of change of symbol; f o r  
example, 9 = a9 
The time sequence f o r  t h e  c r o s s  p l o t s  i s  indicated by the sym- 
bols  0 ,  El, 0, A, A, and d; t h e  symbols  change a t  each maximum and 
each minimum value of Cy. 
The phys ica l  charac te r i s t ics  of the  cy l inders  are p resen ted  in  f ig -  
ures 1 and 2 and table I. 
The fineness-ratio-2.56 cylinder was a r igh t  c i rcu lar  cy l inder  wi th  
a diameter of 8 inches. The center of grav i ty  was located at 32.3 per- 
cent of the cylinder length behind the nose.  The fineness-ratio-4.0 
cyl inder  was a r igh t  c i rcu lar  cy l inder  wi th  a diameter of 8 inches and 
had a l3O flare t h a t  began 4.84 inches from the rear end of the  cy l inder  
and ended 1.23 inches from t h e  rear end of the cyl inder .  The remainder 
of the af terbody consis ted of a c i rcu lar  cy l inder  sec t ion  wi th  a diam- 
eter of 9.66 inches. The center  of grav i ty  of the f ineness-rat io-4.0 
cyl inder  was located at 25 percent of t h e  body length from the nose. 
The cyl inders  were constructed of welded s t e e l  and were covered 
with a f ibe rg la s s -p l a s t i c  she l l .  Two small rockets  (cal led pulse  rockets)  
were mounted normal t o   t h e   l o n g i t u d i n a l  axis and ahead of the  center  of 
g r a v i t y  t o  g i v e  a yaw disturbance. 
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INSTRUMENTATION 
5 
Each  cylinder  contained an NACA  six-channel  telemeter  which  trans- 
mitted  data  from  six  accelerometers  located  as  follows:  one  normal  and 
one  transverse  accelerometer  in  the  forward  end  of  the  cylinder;  two 
longitudinal  accelerometers  near  the  center  of  gravity;  and.  one  normal 
and  one  transverse  accelerometer  in  the  rear  end  of  the  cylinder.  A 
measure  of  the  signal  strength  transmitted  from  the  loop  antenna  pro- 
vided an indication  of  the  roll  rate  of  the  cylinders  since  the  strength 
of  the  signal  varied  with  the  cylinder r o l l  position. 
Ground  instrumentation  included  a CW Doppler  radar  unit  used  for 
velocity  measurement, an SCR 584 tracking  radar to determine  the  flight 
path,  a  rawinsonde to determine  the  atmospheric  conditions,  and  the 
telemeter  receiving  and  recording  stations.  Motion-picture  cameras  were 
used to photograph  the  launching  and  cylinder-booster  separation  portions 
of the  flight. 
FLIGHT  TESTS 
The  cylinders  were  ground  launched  at an angle  of TO0 from  the 
horizontal by  an AE3L Deacon  solid-propellant  rocket  motor  booster. 
Separation of the  cylinder  from  the  spent  booster was accomplished  by 
the  opening  of  the  drag  flaps  attached to the  booster.  Motion  pictures 
of  the  cylinder-booster  separation  indicated  that  the  cylinders  oscil- 
lated  to  angles  of  at  least *30° immediately  after  leaving  the  booster. 
This  large  disturbance  was  caused  partly  by  the  booster  pulling  away  and 
partly  by  the  firing  of  one  of  the  pulse  rockets  as  soon  as  the  cylinder 
cleared  the  booster.  Tracking  radar  showed  that  the  cylinders  followed 
an approximately  parabolic  flight  path  with  no  change  in  azimuth. 
ACCURACY 
For  the  fineness-ratio-2.56  cylinder  some  indication  of  instrumen- 
tation  malfunctions  (instantaneous  changes  in  absolute  values  of  the 
measured  quantities)  make  it  impossible to state  any  absolute  accuracy. 
However,  since  the  data  for  the  fineness-ratio-2.56  cylinder  were  cor- 
rected  for  the  observed  malfunctions  and  none  were  observed  for  the  data 
for  the  fineness-ratio-4.0  cylinder,  some  indication  of  accuracy  is 
obtained  from  the  instrument  accuracies  which  are  estimated to be f2 per- 
cent  of  the full calibrated  range.  The  incremental  values  and  relative 
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'~rerzr'is are  much  more  accurate  than  the  absolute  level  of  the  measure- 
ments.  The  instrument  accuracies  are  stated in coefficient  form  for 
representative  Mach  numbers  as  follows: 
Fineness-ratio-2.56 
model  at  Mach 
Coefficient  numbers  of - 
.. ~~ . 
Fineness-ratio-4.0 
model  at  Mach 
numbers  of - 
f*024 I f*078 
" 
0.4 
PRESENTATION  OF  RESULTS 
The  positive  directions  of  the  force  and  moment  coefficients  and 
angular  velocities  are  indicated  in  figure 3 .  The  Reynolds  number  range 
of  the  cylinder  flights  are shown in figure 4 and  the  flight  paths  are 
given  as  plots  of  altitude  against  horizontal  distance  in  figure 5. Tim
histories  of  the  measured  force  coefficients  and  Mach  number  are  pre- 
sented in figures 6 and 7. (Note  that  the  scales  of  these  figures  change 
at 10 seconds.) Bask data  cross  plots  of  forces  and  moments  for  the  two 
cylinders  are  shown in figure 8 for  the  fineness-ratio-2.56  cylinder  and 
in  figure 9 for  the  fineness-ratio-4.0  cylinder.  The  variation  of  the 
average  center  of  pressure  with  Mach  number  is  given  in  figure 10. An 
indication  of  the  drag  of  the  two  cylinders  is  given in fi ur  11 where 
the  longitudinal-force  coefficient  measured  at low values  of  resultant 
force, {w, on  the  cylinders  is  plotted  against  Mach  number. 
DISCUSSION  OF  RESULTS 
Time  History 
Fineness-ratio-2.56  cylinder.- A time  history  of  CN,  Cy, M, 
and  CR  for  the  fineness-ratio-2.56  cylinder  is  shown  in  figure 6. The 
large  disturbance  at  separation  mentioned  in  the  section  called  "Flight 
Tests"  caused  the  instruments to exceed  their  calibrated  ranges  at  each 
oscillation  peak for about 1.5 seconds  after  cylinder-booster  separation. 
During  this  time  the  cylinder  decelerated  from a Mach  number  of 1.7 
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t o  a Mach number  of 0.9. The amplitude of t he  osc i l l a t ion  fo l lowing  the  
separat ing dis turbance gradual ly  decreased unt i l  the  cylinder reached 
low subsonic speeds where an  osc i l l a t ion  of low ampli tude pers is ted for  
the remainder of t h e  f l i g h t .  
Fineness-rat io-4.0 cyl inder  with f lared af terbody.-  For the  f ineness-  
ra t io-4.0  -cyl inder  w i t h  f lared  af terbody,  a time h i s t o r y  of CN, Cy, M, 
and CR i s  shown i n  figure 7. The times that  the  instruments  exceeded 
the i r  ca l ib ra t ed  r anges  i s  ind ica ted  on the  t ime-his tory plot .  A large-  
ampl i tude  osc i l la t ion  in  p i tch  a t  separat ion damped u n t i l  t h e  c y l i n d e r  
reached low subsonic speeds where a low-amplitude o s c i l l a t i o n  s i m i l a r  t o  
t h a t  of the  f ineness- ra t io-2 .56  cy l inder  pers i s ted  for  the remainder of 
t h e  f l i g h t .  The d i s tu rbance  in  yaw caused by the f i r ing of a pulse rocket 
a t  5.6 seconds a l s o  damped unt i l  the  cy l inder  reached  low subsonic speeds. 
The r e su l t an t  of t he  p i t ch ing  and  yawing motion CR a l s o  shows damping 
fol lowing the two disturbances and displays the low-amplitude oscil lation 
a t  low subsonic speeds which cont inues throughout  the f l ight .  
Basic Data Cross P l o t s  
Fineness-ratio-2.56  cylinder.-   Plots of CN aga ins t  C y  presented 
i n  figure 8 fo r  va r ious  Mach numbers show the model motion about trim 
which was d i s c u s s e d  i n  d e t a i l  i n  r e f e r e n c e  3 .  The indica t ion  of r o l l i n g  
motion given by the angular displacement of adjacent peaks agrees closely 
w i t h  check values (not presented herein) obtained from the telemeter s ig-  
na l  s t r eng th  data. For the  f ineness-rat io-2.56 cyl inder ,  th is  value i s  
about 1 revolution per second. This roll ing motion w a s  probably caused 
by t h e   r o l l  of the  cylinder-booster combination due t o  some small asym- 
metry i n  t h e  b o o s t e r .  
~ ~- . .. 
Moment coe f f i c i en t s  as a funct ion of f o r c e  c o e f f i c i e n t s  f o r  t h e  
yawing and pitching motions are shown i n  figure 8 fo r  va r ious  Mach  num- 
bers. The moment curves are very nonlinear;  the region of  most stable 
s lope is ind ica t ed  to  be  nea r  t he  ze ro  fo rce  coe f f i c i en t .  
Fineness-rat io-4.0 cyl inder  with f lared af terbody.-  From the  va r i a -  
t i o n  of CN with C y -  ( f ig .  9)  for va r ious  Mach numbers, it can be seen 
t h a t  a very low roll ra te  was present  for  the fineness-ratio-4.0 cylinder.  
This value i s  i n  agreement with check values obtained from the telemeter 
s igna l  s t rength  da ta ;  a roll ra te  of less than  1/2 revolution per second 
was indicated.  
~ ~ -- " .  
Some nonl inear i ty  of t h e  moment curves can be seen i n   t h e   p l o t s  of 
figure 9 for various Mach numbers, the  reg ion  of most s tab le  s lope  be ing  
near  the  zero  force  coef f ic ien t .  
8 
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Center of Pressure 
The va r i a t ion  of the average center-of-pressure'position with Mach 
number f o r  t h e  two cyl inders  of t h i s  tes% is  p resen ted  in  figure 10. The 
qua l i ty  of t h e  data precluded measurement of moment curve slopes at a 
par t icu lar  force  coef f ic ien t ;  therefore ,  a force-coefficient range of 
kO.5 was  se lec ted  and average slopes were read. Where the data  permit ted,  
average slopes were also read. over a force-coefficient range of + 0 . 1 t o  
show the  reg ion  of most s table  s lope;  the region w a s  near  the  zero  force  
coef f ic ien t .  "his type of nonl inear i ty  has  a lso been observed in  data 
from the bluff  shapes of references 4 and 5 .  
Over the force-coeff ic ient  range of kO.5 for  both cyl inders  of t h i s  
tes t ,  the average center-of-pressure posit ion moved toward the base as 
the speed decreased t o  subsonic Mach numbers. P. qua l i t a t ive  comparison 
wi th  r igh t  c i rcu lar  cy l inders  wi th  f ineness- ra t io  of 2.0 and 3.0 is  fur- 
nished by the faired curves of data  presented in  reference 4. (See 
f i g .  lo.) 
Drag 
The drag  leve l  of t h e  two cyl inders  i s  i n d i c a t e d  i n  f i g u r e  1 1 b y  
the  va r i a t ion  of longi tudinal-force coeff ic ient  measured at low values 
(CN and Cy usua l ly  less than 0.1) of the  resu l tan t - force  coef f ic ien t  
with Mach number. 
Comparison of t h e  data from the  present  test  fo r  t he  f ineness - r a t io -  
2.56 cyl inder ,  the data from reference 6 for the  f ineness-rat io-5.0 cyl in-  
der, and the data from the unpublished helium-gun free-flight tests f o r  
t he  f ineness - r a t io -12  cy l inde r  i nd ica t e s  t ha t  t he  f r i c t ion  d rag  is  a very 
small p a r t  of t he  to t a l  d rag  s ince  abou t  t he  same drag  leve l  i s  shown f o r  
a l l  three cylinders.  (See fig.  l l (a )  . ) 
Since  the  f ineness- ra t io  e f fec t  i s  i n d i c a t e d  t o  be smll, the  d i f -  
ference of about 20-percent higher drag level at low supersoil.ic speeds 
for  the  f ineness- ra t io-4 .0  cy l inder  wi th  a f l a r ed   a f t e rboey   ove r   t ha t  
for  the  f ineness- ra t io-3 .0  cy l inder  of reference 6 ( f i g .  l l ( b ) )  is 
thought t o  be caused by the presence of t h e  flare. A somewhat similar 
bluff shape having a flared afterbody (unpublished helim-gun tests)  
indicates  about  the same drag  leve l  as was obtained with , the flared 
cylinder of the present  tests.  
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CONCLUDING REMARKS 
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A fineness-ratio-2.56 cylinder and a f ineness-rat io-4.0 cyl inder  
w i t h  f l a r ed  a f t e rbody  have been tes ted in  rocket-boosted axial  f ree  
f l i g h t  over a Mach number range of 0.4 t o  1.7 and a Reynolds number 
range of 1 X lo6 t o  8 X lo6. When given a large dis turbance a t  super- 
sonic speeds,  both cylinders damped from a large-amplitude coupled motion 
a t  supersonic speeds t o  a low-amplitude sustained oscil lation a t  low sub- 
sonic speeds. The va r i a t ion  of moment coef f ic ien t  wi th  force  coef f ic ien t  
w a s  nonl inear ,  the region of greatest  s table  s lope occurr ing a t  the zero 
fo rce  coe f f i c i en t .  Although large pi tching and yawing motions were 
observed for  bo th  cy l inders ,  there  were no large deviat ions from a ba l -  
l i s t ic  f l igh t  pa th .  For  both  cy l inders  the  average  center -of -pressure  
over the force-coefficient range of kO.5 moved rearward with decrease in 
speed unt i l  the  cyl inder  reached subsonic  Mach numbers.  Comparison  of 
the drag data  of t h i s  t es t  with wind-tunnel and f r ee - f l i gh t  helium-gun 
da ta  ind ica tes  t ha t  t he  f r i c t ion  d rag  i s  a very small p a r t  of the  t o t a l  
drag. The presence of the af terbody f lare  on the f ineness-rat io-4.0 
cylinder causes an increase of about 20 percent of the to t a l  d rag  ove r  
the  drag  of a cyl inder  w i t h  no f l a r e  a t  low supersonic speeds. 
Langley Aeronautical Laboratory, 
National Advisory Committee for  Aeronaut ics ,  
Langley Field, Va. ,  December 5, 1956. 
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TABLF: I 
PHYSICAL  CONSTANTS FOR CYLINDERS TESTED 
Fineness-ratio- 
Fineness-rat io-  
w i t h  flared 2.56 cy l inder  
4.0 cy l inde r  
afterbody 
W, l b  . . . . . . . . . . . . 69.5 71.0 
Ix, slug-ft2 0 . . . . . . . 
2% . . . . . . . . . . . .  
0.891 0.575 Iz, slug-ft2 . . . . . . . . 
0.891 0.575 Iy, slug-ft2 . . . . . . . . 
0 9 137 0.121 
2 0 * 323 0.250 
d , f t  . . . . . . . . . . . .  0.666 0.666 
2, f t  . . . . . . . . . . . . 
0.348 s ,  f t 2  . . . . . . . . . . . 
2.667 1.708 
0.348 
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(a) Fineness-ratio-2.56  cylinder. 
(b) Fineness-ratio-4.0  cylinder with  flared afterbody. 
Figure 1.- Drawings of cylinders  tested. All dimensions  are in inches. 
(a)  Fineness-ratio-2.56  cylinder. L-92839 
(b) Fineness-ratio-4.0 cylinder with flared afterbody. L-93633 
Figure 2.- Photographs  of cylinders tested. 
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Figure 2.- Continued. 
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Figure 3 . -  Axes system showing pos i t i ve  d i r ec t ions  of force  and moment 
coe f f i c i en t s  and angulw ve loc i t i e s .  
NACA RM L55L28 
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Figure 4.- Reynolds  number of tests based on cylinder  diameter. 
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Figure 5.- Flight  paths of cylinders  tested. 
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Figure 8.- Basic data cross plots of force and moment coeff ic ients  for  
the fineness-ratio-2.36 cylinder. 
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Figure 8. - Continued. 
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Figure 9.- Basic  data  cross  plots  of  force  and  moment  coefficients  for 
fineness-ratio-4.0  cylinder with flared  afterbody. 
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Figure 10.- Variation  of  average  center  of  pressure  with  Mach  number. 
Line  extensions on symbols indicate  Mach  number  range  used to obtain 
data  poin-t;. 
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Figure 11.- Variation  of  longitudinal-force  coefficient  with  Mach  number. 
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